Introduction
Specific interactions of type X-H...Y between proximate moieties can be important to determine conformational structures as well as stabilization energies in molecules, especially biomolecules, in intermolecular complexes or molecular solids. A sound knowledge on the relation between J couplings of the X-H...Y fragment and structural parameters can be a valuable tool in structure determination.
Great effort has been devoted to this subject in recent years [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . In particular, it has been recognized that C-H...X interactions depend strongly on the kind of molecular moiety to which the C-H bond and X atom belong to [11, 12] . This is certainly due to the fact that different competitive effects are present and the dominant one depends on the molecular environment. In model systems I:NCH...OH 2 and II:CH 4 ...OH 2 the theoretical analysis of stabilization energy, geometric changes of the C-H bond and 1 J(CH) couplings [13] showed that the C-H...O interaction has different characteristics in each case: in system I the stabilization energy is larger and the C-H bond length increases; in system II the equilibrium H...O distance is much larger, there is a shallow energy minimum and the C-H distance is hardly affected.
The possibility of using NMR parameters as probes to identify the kind of dominant specific interaction C-H...O in different situations was investigated at the ab initio level for both 1 
J(CH)
couplings and C, H and O magnetic shielding constants [13, 14, 15] . In previous work, the change in J couplings was analyzed at the TDA [14] and CHF [13] levels since it was assumed that, even though it is well known that 1 J(CH) couplings are very sensitive to correlation effects, the changes in those couplings in the presence of the specific C-H...O interaction could probably be well reproduced at the uncorrelated level. More recently, Pecul et al. [16] have analyzed the intermolecular couplings 1h J and 2h J in X-H...O hydrogen bonded complexes, including the case C 2 H 2 ...OH 2 .
Theoretical decomposition of molecular properties like stabilization energy and/or NMR parameters in contributions from molecular fragments is an interesting tool to identify the kind of dominant effect in different cases. The aim of the present work is to deepen the understanding of electronic mechanisms operating in C-H...O interactions and their effect on both intramolecular 1 J(CH) couplings as well as intermolecular J couplings. Calculations were carried out at both the CHF and SOPPA levels of approximation in order to assess the importance of correlation effects. In line with previous work [13] the case of a C-H bond belonging to a highly polar fragment with a highly polarizable π system where a lengthening of the C-H bond occurs as a consequence of interactions with the H 2 O molecule. In system II the C-H bond belongs to a non-polar system with no neighbouring π electronic system, where the C-H bond length is hardly affected for intermolecular distances close to equilibrium. The geometrical effect is explicitly separated in the calculation of J couplings. Correlation effects, which are shown to be of major importance, are related to the polarizability of molecular fragments by means of the CLOPPA-IPPP decomposition of the polarizability tensor [17] . Results obtained complement previous work with important new qualitative features. 
Method of Calculation
Within the polarization propagator (PP) formalism [18] , any component of the indirect nuclear spinspin coupling between nuclei A and B can be expressed as [19] : 
where k is a constant containing, among others, the gyromagnetic factor of nucleus A. P ia,jb is the PP matrix element connecting "virtual excitations" i,a and j,b. The coupling constant J(AB) in eq. (1) can be re-expressed in terms of localized MOs (LMOs) by applying to the PP matrix elements and to the interaction matrix elements the corresponding transformation from canonical HF MOs to occupied and vacant LMOs [20] . A four-indices term involving two virtual excitations i→a and j→b is defined as: (3) and is called a four-indices coupling pathway. Within ab initio calculations and Engelmann's localization technique [21] Two and four-indices coupling pathways can be useful tools to identify transmission mechanisms of J couplings in terms of local fragments of the electronic distribution. This is the aim of the CLOPPA (Contributions from LMOs within the PP Approach) method [20] . On one hand, "perturbators" V ia depend on the perturbative interaction under study and reflect the strength of the i→a virtual excitation. On the other hand, PP matrix elements are perturbation independent: they reflect to what extent two virtual excitations are connected by interactions within the molecular system. The PP in eq.(1) may be evaluated at different levels of approximation: RPA, SOPPA [22, 23] etc. In the present work CLOPPA analysis are carried out at the RPA level.
The localization technique used in this work is Engelmann's [21] , applied in an iterative way. In order to obtain LMOs a given local fragment is defined by a subset of atomic orbitals (AOs). LMOs 
Results and Discussion

J(CH) Couplings
In figure 1 , the change ∆J in 1 J(CH) as a function of the H...O distance for system I is presented. It corresponds to the difference between the 1 J(CH) value for the complex at the optimized geometry and that for the isolated NCH molecule. This change will be identified by ∆J Comparing RPA and SOPPA results for system I the following rationalization can be carried out. In molecule is replaced by its electric field. When this field is absent, IC increases, i.e., the geometric effect on IC follows the opposite trend. Therefore, the reduction of IC can be ascribed to the polarization of the electronic distribution in the presence of the H 2 O field. This means that there is a coupling mechanism in I which is sensitive to correlation effects and to the mentioned electronic polarization. On one hand, as mentioned earlier, the π-transmitted component of 1 J(CH) seems to be very sensitive to correlation effects. On the other hand, CLOPPA decomposition of the polarizability tensor has shown quantitatively that π electrons are highly polarizable [17] . Therefore it can be speculated that it is the π-transmitted component which defines the trend of IC in system I. The reduction of IC as a consequence of electron polarization can be rationalized on the following grounds.
Polarization of π electrons renders the π MOs less polarizable. This can be explicitly verified by calculating the polarizability of the NCH molecule in complex I by means of the IPPP CLOPPA approach. There is a decrease from 21.6 a.u. to 20.5 a.u. It can be expected that electrons occupying less polarizable orbitals will be less sensitive to any type of perturbation, including electron-electron interactions yielding correlation effects on J couplings. This rationalization is consistent with the observed trend of IC. On the other hand, in system II it can be argued that correlation effects originate in coupling mechanisms involving orbitals which are not affected by polarization of the electronic distribution to the same extent. Therefore in that case IC is not affected by such polarization and it has a similar value for the whole range of H...O distances considered.
Intermolecular couplings
The Fermi contact (FC) contribution to intermolecular 1h J( It is interesting to analyze the transmission mechanisms involved in 2h J(CO) and 1h J(HO). To this end a CLOPPA decomposition of the FC contribution was carried out at the RPA level in terms of LMOs. The most important two-indices coupling pathways given by every pair of occupied LMOs are presented in Table 2 .
It is seen that coupling pathways involving the C-H bond and an LMO of the H 2 O molecule yield contributions to both couplings of similar value and opposite signs. Rather unexpectedly, coupling pathways involving only occupied LMOs of the H 2 O molecule yield non-zero contributions only to 2h J(CO). As these contributions are also negative, the absolute value of 2h J(CO) is increased. LMOs describing the O lone pairs can be classified as follows: one in-plane sp-type LMO, which will be referred to as lpσ and one of pure p-type, which is referred to as lpπ. As a consequence of the negligibly small values in the second one. In Table 3 the largest J ia,jb terms within the fragment are displayed in order to identify the main transmission mechanisms involved.
Individual four-indices coupling pathways displayed in Table 3 show the above mentioned trend
clearly. Looking at results in Table 3 , it must be kept in mind that for given indices i,a,j,b the propagator element P ia,jb is the same for both couplings and therefore the difference in the values of the corresponding coupling pathway J ia,jb depends on the "perturbators" V ia and V jb at each nucleus. The argument is valid for the reduced coupling constants, and it explains the larger absolute value of 2h K(CO) than 1h K(HO). Coupling pathways involving the C-H→C-H* excitation yield contributions of opposite signs to both couplings. This can be directly ascribed to the general fact that the bonding and antibonding LMOs have opposite relative phases at the C and H nuclei. As the second excitation to both couplings entering a given coupling pathway J ia,jb is centered at the O nucleus, the corresponding values necessarily carry opposite signs. This kind of coupling pathway is the one usually found when a through-space mechanism operates. In fact the leading contribution to 1h J(HO) is of this type. The corresponding value is positive for this coupling and negative for 2h J(CO).
Concluding Remarks
Identification of transmission mechanisms of J couplings in terms of local fragments of the electronic distribution is a valuable tool to analyze their behavior in different molecular environments.
Correlated results found in this work for 1 J(CH) in systems I and II complement previous findings [13, 15] with new interesting qualitative features which are related to the expected behavior of the π- 
